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R
ecent	 tests	 and	 trials	 on	 the	 clearance	 capability	 of	 flail	 ma-













ance	 capability	 of	 flail	 machines	 require	 a	 large	 number	 of	 mines.	
Real	 mines	 are	 scarce	 and	 dangerous,	 mine	 mimics	 are	 expensive,	














The	 study	 was	 conducted	 at	 the	 Swedish	 Explosive	 Ordnance	















Sand	 and	 gravel	 were	 tested	 with	 all	 mine	 sizes	 and	 depths.	
Topsoil	 was	 tested	 with	 60-mm	 mines	 only,	 although	 at	 all	 treat-	
ment	depths.
Throwing Out Mines: The Effects 
of a Flail
by	Ian	McLean,	Rebecca	Sargisson,	Johannes	Dirscherl	and	Havard	Bach	[	Geneva	International	Centre	for	Humanitarian	Demining	]
The authors discuss a study conducted on flail machines to prove the effectiveness of this technology 
in destroying anti-personnel mines. 
The	machine,	a	DOK-ING	MV-4,	 is	described	 in	detail	 in	 the	
Mechanical Demining Equipment Catalogue4	and	is	shown	in	the	pic-






















Mines	 thrown	 at	20	degrees	 and	340	degrees	 are	 thrown	at	
equivalent	angles	in	terms	of	forward	direction,	but	the	mean	











ing.	Most	mines	 remained	close	 to	and	 slightly	behind	where	 they	
were	laid.	If	these	were	real	mines,	they	would	likely	be	compressed	
into	the	soil	(although	they	might	be	exposed	due	to	soil	disruption),	
Soil Depth	(cm) Size	(mm) Mean	Angle S.E. N
Sand 0 60 .0 1.6 20
Sand 0 0 116.3 1. 1
Sand 0 110 120. 1. 20
Sand  60 12.0 1. 20
Sand  0 11. 1. 20
Sand  110 12. 1.60 20
Sand 10 60 2. 1. 20
Sand 10 0 12.3 1.6 20
Sand 10 110 11.1 1.0 1
Sand 1 60 112.0 1. 20
Sand 1 0 122.0 1.6 20
Sand 1 110 10.0 1.3 20
Gravel 0 60 . 1. 20
Gravel 0 0 2.0 1. 20
Gravel 0 110 113.0 1.1 20
Gravel  60 100.3 1.6 20
Gravel  0 11. 1.66 20
Gravel  110 102. 1. 20
Gravel 10 60 100.3 1.1 20
Gravel 10 0 . 1. 20
Gravel 10 110 . 1. 20
Gravel 1 60 123. 1.1 20
Gravel 1 0 120. 1.2 20
Gravel 1 110 10.3 1. 20
Topsoil 0 60 103. 1.6 20
Topsoil  60 10. 1.0 20
Topsoil 10 60 .3 1. 1
Topsoil 1 60 .3 1.62 20
Table	1:	Summary	of	data	 for	 throw	direction	 (adjusted	data	 for	 one	 side	of	 the	
compass	only).	The	flail	moved	north;	thus	0º	=	N,	180º	=	S.
Soil Depth	(cm) Size	(mm) Mean	Dist S.E. N Range
Sand 0 60 2.0 0. 20 0.3–1
Sand 0 0 2.2 0. 1 0.3–2
Sand 0 110 1.0 0.1 20 0.2–2
Sand  60 1.2 0.1 20 0.–3
Sand  0 1.6 0.2 20 0.6–
Sand  110 2.0 0.2 20 0.–
Sand 10 60 1.6 0.0 20 0.3–1
Sand 10 0 0. 0.1 20 0.2–1.
Sand 10 110 1. 0.1 1 0.–1.
Sand 1 60 1.3 0.2 20 0.2–
Sand 1 0 1.1 0.2 20 0.3–1.
Sand 1 110 1. 0.3 20 0.2–1
Gravel 0 60 3. 0. 20 0.–0
Gravel 0 0 1. 0.13 20 1–2.3
Gravel 0 110 2.0 0.1 20 1.1–3.
Gravel  60 1.6 0.26 20 0.–
Gravel  0 1. 0.1 20 0.2–3
Gravel  110 1. 0.1 20 0.3–3
Gravel 10 60 1. 0.33 20 0.–11
Gravel 10 0 1.3 0.1 20 0.–2
Gravel 10 110 1.3 0.1 20 0.1–2.
Gravel 1 60 1.2 0.1 20 0.–2
Gravel 1 0 2. 0.0 20 0.3–
Gravel 1 110 1.6 0.2 20 0.–
Topsoil 0 60 .0 0.0 20 0.3–
Topsoil  60 . 0. 20 0.–6
Topsoil 10 60 3.0 0.2 1 0.1–10
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distances	 greater	 than	 10	 metres	 were	 removed	 for	 calculation	 of	
means	 and	variances	 in	 these	 tables.	The	extreme	values	 are	noted	






Results for All Soil Types, 60-mm Mines Only
Distance thrown.	Significant	variation	was	found	for	distance	





Angle of throw.	 Side	 (laterality)	 of	 throw	 was	 investigated	
across	 all	 soils	 and	 depths	 for	 the	 60-mm	 mines.	 Mines	 thrown	
directly	forward	(0±9	degrees)	or	backward	(180±9	degrees)	were	

















The	angle	of	 throw	 for	 all	mines	 is	 summarised	 in	
Figure	6.	Included	in	sand	and	gravel	are	mines	of	three	
sizes	(60,	90	and	110	mm),	whereas	only	60-mm	mines	




degrees),	 with	 a	 higher	 proportion	 of	 mines	 thrown	
backward	 overall.	 Very	 few	 mines	 were	 thrown	 later-
ally	forward	(46–90	degrees).	The	highest	proportion	of	
mines	thrown	forward	was	from	topsoil.














using	 data	 lumped	 by	 original	 burial	 depth	 (X2=31.3,	
2	d.f.,	P=0.00).	






















	 Mines	 that	 were	 thrown	 up	 to	 several	 metres	 are	
likely	 to	 have	 been	 pulled	 out	 of	 the	 ground	 by	 the	
chains,	and	then	deflected	back	downwards	by	the	de-
flector	plate	or	other	components	of	the	flail.	Although	
many	 remained	 in	 the	 clearance	 strip,	 such	mines	 are	
more	 likely	 to	 be	 visible	 than	 mines	 that	 were	 com-





A	 small	 proportion	 of	 mines	 were	 thrown	 big	 dis-
tances,	presumably	because	the	chains	hooked	the	mine	














vary	 significantly	 in	 relation	 to	 depth	 (X2=2.6,	 d.f.=3,	 P=0.45;	
see	Figure	5).	
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a	small	machine.	Whether	larger	machines	
could	 throw	 mines	 even	 greater	 distances	
than	the	maximum	seen	here	of	65	metres	
remains	 to	 be	 tested,	 as	 throw	 distance	 is	








just	 the	action	of	 the	 chains	 and	design	of	
the	 deflector	 plate	 to	 force	 an	 even	 higher	





be	deployed	 to	 ensure	 that	 the	main	direc-





With	 respect	 to	mine	 throw,	working	back	
and	forth	along	parallel	lines	would	not	be	a	
good	way	to	use	this	machine.	






Clearly,	 more	 tests	 of	 this	 sort	 on	 dif-




conduct	 tests	 so	 they	 can	 give	 advice	 to	




should	 be	 given	 to	 including	 information	
about	 throw	 patterns	 in	 the	 Mechanical 
Demining Equipment Catalogue,	 and	even-
tually	 to	 developing	 a	 standard	 test	 to	 be	
incorporated	 into	 the	 International	 Mine	
Action	Standards.
We thank the Swedish EOD and 
Demining Centre for supplying equipment, 
resources and the field site to support the 
study. Funding was provided by the govern-
ments of Germany, Norway and Sweden. 
See Endnotes, page 112 T
he	MineWolf	is	a	mine-clearing	device	developed	especially	for	
humanitarian	 mine-clearance.	 It	 is	 used	 for	 area	 clearing	 and	
clears	up	to	2,800	square	metres	per	hour	(3,349	square	yards/hour),	
allowing	 for	 fast	 quality	 control	 on	 a	 demined	 area.	The	 MineWolf	
system	consists	of	a	fragment-proof	AHWI	crawler	tractor,	a	protected	
driver’s	 cab	 and	 a	 mechanically	 driven	 mine-clearing	 device.	 Both	 a	
flail	device	and	a	tiller	are	available.	
The	 flail	 is	 likely	 to	 initiate	 or	 destroy	 anti-tank	 mines.	With	
the	tiller,	the	remains	of	AT	mines,	the	fuzes	and	all	AP	mines	left	
are	 crushed	 or	 initiated.	 Clearance	 depths	 of	 up	 to	 30	 centime-







ject	 to	 extensive	 tests	 with	
live	anti-tank	mines,	under-
taken	 in	 Meppen,	 Lower	


















MineWolf is the first demining concept, manufactured in Germany by Arthur Willibald Maschinenbau 
GmbH (AHWI), that overcomes the limitations of flail and tiller machines by combining the advantages 
of both systems. Extensive tests with live anti-tank and fragmentation mines were carried out at the 
German Army proving ground to determine whether the MineWolf meets the operational requirements 
for humanitarian demining. The aim was to discover the effects of detonations on the operator, 











4.	 MineWolf	 manned	 tests	 with	 flail	 and	 tiller	 using	 three	
different	operators	
5.	 Fragmentation	mine	tests	(DM	31)	



















































































MineWolf Flail and Tiller Machines: 
Testing the Differences between 
two Demining Technologies 
3
McLean et al.: Throwing Out Mines: The Effects of a Flail
Published by JMU Scholarly Commons, 2006
